Introduction
The Chlamydiaceae are a family of Gram-negative obligate intracellular bacteria with a unique biphasic developmental cycle in which the pathogen differentiates intracellularly between the elementary body and the reticular body. Elementary bodies are the extracellular infectious form, whereas reticular bodies are the non-infectious form only present inside the living cell. Zoonotic transmission occurs by inhalation or accidental ingestion of elementary bodies in animal excretions and discharges.
In this paper, 'livestock infection' refers to infection in ruminants, pigs and equines raised in agricultural settings and does not include infection in poultry, rabbits, game or farmed fish. Livestock Chlamydiaceae include Chlamydia abortus, C. pecorum, C. suis, C. psittaci and equine C. pneumoniae. Chlamydia abortus is a major abortigenic agent in ruminants and causes abortion in pregnant women through zoonotic transmission (1) . Infection in swine and horses may also result in abortion, but does not result in abortion storms as seen in affected flocks of sheep and goats (1, 2) . Infection with C. pecorum in ruminants, swine and horses has been associated with urogenital symptoms, reproductive failure, conjunctivitis, respiratory distress, polyarthritis and pericarditis (2) . Until now, C. suis infections have been thought to be restricted to swine. However, preliminary data indicate the possibility of zoonotic transfer In 2000, China' s share of global milk production was only 2.1%. However, during the past decade, China' s explosive increase in dairy production (+232.6%) has resulted in a current global share of 5.7% and amounts to 41.15 Mt of milk annually. Milk from sheep and goats represents only 2.3% and 1.4% of dairy products globally, of which China produces only a minor fraction. Similarly, Chinese production of buffalo and camel milk is only a tiny percentage of global production of these products. Nevertheless, despite contributing only 3.4% of global buffalo milk production, China is considered the thirdlargest producer worldwide after India and Pakistan (9). Lastly, although not included in FAOSTAT statistics, yaks are an important ruminant species in China. The yak population is estimated at 13 million animals, representing 92.8% of the global population (10) . These sturdy but low milk-yielding ruminants are perfectly adapted to the high altitude and related extreme environmental conditions of the Qinghai-Tibet Plateau (which includes the Tibetan Autonomous Region and the Qinghai, Gansu, Sichuan and Yunnan provinces), such as low temperature, low oxygen and high solar radiation (11, 12) .
Diagnosis of chlamydial infection in Chinese livestock

Seroprevalence
The World Organisation for Animal Health (OIE) recommends the use of the complement fixation test (CFT) and enzyme-linked immunosorbent assay (ELISA) for detecting chlamydial antibodies (13) . However, few publications on detection of chlamydial antibodies in Chinese livestock report the use of these tests. Most serological data have been obtained using a commercially available indirect haemagglutination assay (IHA) developed at the Lanzhou Veterinary Research Institute. The Lanzhou IHA uses antigen prepared from the Chinese ovine C. abortus strain B11001. The vast quantity of serological data on ruminants demonstrates that chlamydiae are endemic in small and large ruminants across China, except in the provinces of Jiangsu and Shaanxi and the Province-level Municipality of Shanghai (Tables I & II) . Similarly, prevalence data from many of China' s provinces, autonomous regions and municipalities demonstrate that chlamydial infections are widespread in industrially produced swine across the country (Table III) . Seroprevalence data on horses indicate the presence of chlamydial antibodies but are limited to four Chinese provinces (Table IV) .
Whole chlamydial organisms are used as target antigens in IHAs, CFTs and ELISAs and thus make no distinction between chlamydial species, because the lipopolysaccharides of Chlamydiaceae are family specific. These serological methods were compared in two studies on Chinese swine of unknown status. In one trial, the German ovine abortion strain B394 was used in a dot-ELISA and a CFT, finding seropositivity rates of 47.3% (52/110) and 29.1% (32/110), respectively (76) . In a similar trial, comparison was made between the widely used Lanzhou IHA kit and an in-house dot-PPA (protoplasmic antigen) ELISA based on strain B394. The highest seroprevalence rates were recorded with the dot-PPA ELISA: 35.8% (43/120) compared with 21.7% (26/120) with the IHA (77). In both trials it was concluded that the ELISA had the higher sensitivity. However, each of these tests is prone to false positives resulting from cross-reactivity of target antigen with antibodies against, for example, lipopolysaccharides of other Gram-negative bacteria (78) . This was indicated in a comparison of the Lanzhou IHA kit with the ID Screen ® Chlamydia abortus indirect ELISA (ID-VET Innovative Diagnostics, Montpellier, France), where a synthetic C. abortus-specific fragment of the major outer membrane protein (MOMP) is used. Results revealed that the seropositivity rate detected with the IHA kit (4.14%; 21/507) was almost twice that detected with the ID-VET ELISA (2.17%; 11/507) (74) . At present, an ELISA using recombinant protein fragments of the C. abortus n/a 74
Diagnosis in Chinese livestock: culture, antigen detection and gene detection
As in the rest of the world, diagnosis of current chlamydial infection in Chinese livestock was initially achieved by culturing the bacteria in the yolk sacs of specific-pathogenfree (SPF) chicken embryonated eggs at six to seven days of age (Table V) . However, rapid methods of antigen detection have recently been introduced. For example, experiments (74) . In two studies, an in-house indirect ELISA using a monoclonal antibody against a bovine C. abortus isolate was used to determine the prevalence of chlamydial antigen in ruminant sera. The first study reported a positivity rate of 25.8% (33/128) in goat sera and 32.2% (29/90) in calving cow sera in Ningxia (an autonomous region in north-west China) (87) . In the second study, all examined sheep farms (n = 10) and cattle farms (n = 13) in Ningxia had seropositive animals: the average positivity rate was 22.1% (154/698) in sheep and 9.2% (107/1,161) in cattle (88) . Unfortunately, no information is available on the species-specificity of the monoclonal antibody or the health status of the examined flocks.
As antigen detection methods often lack sensitivity and specificity, nucleic acid amplification assays have also been developed recently by Chinese scientists. Several Chinese chlamydial isolates have been characterised using sequencing of the ompA gene (Table V) . During an epizootic outbreak of cattle and caprine abortion in Chinese Taipei, ompA-based polymerase chain reaction (PCR) with C. abortus-specific primers was used for direct detection of the gene (28) . Only 8.3% (1/12) of aborted calves and 33.3% (3/9) of aborted kids (young goats) tested positive Like investigators in other regions of the world, Chinese researchers have also developed Chlamydiaceae-specific 23S ribosomal RNA-based real-time PCR assays using SYBR ® Green fluorescence and the Lightcycler TM system (Roche Applied Sciences). Development of a highly sensitive test gave a detection limit as low as 250 femtograms of chlamydial DNA (C. trachomatis, C. abortus, C. psittaci, C. pecorum) (90) . Specificity was evaluated from melting curve analysis and by analysis of PCR products on agarose gels, together with nucleotide sequencing. Each of these analyses confirmed the specificity of the real-time PCR (90) .
Clinical disease resulting from chlamydial infection in Chinese livestock
Abortion is the most frequently observed clinical manifestation of chlamydiosis in Chinese ruminants. In Gansu province, Tibet and Inner Mongolia, 20% to 25% of does in affected goat flocks aborted after approximately four months of gestation, which was often followed by placental retention in the aborting animal (91) . Abortion rates in nine farms with outbreaks of chlamydiosis in Chinese Taipei ranged between 27% and 87% of pregnancies. Does did not show clinical signs before aborting, which they generally did in the last two months of gestation (25) . In sheep, interstitial pneumonia and polyarthritis in lambs was concomitantly observed with abortion and stillbirth in ewes (48) . In Hubei province, dairy cattle aborted at four to seven months of pregnancy and developed mastitis; surviving calves showed symptoms of pneumonia, polyarthritis and conjunctivitis (47) . In bovine abortion cases in Ningxia and Shaanxi province, abortion typically occurred between seven and nine months of gestation and aborted fetuses were oedematous (36) . None of these reports mentioned the presence of uterine discharge around the time of abortion, although this is a common symptom in chlamydial abortion; however, the timing of the abortions and lack of previous overt clinical signs is consistent with C. abortus infection. In Beijing, newborn calves developed polyarthritis with symptoms including fever and tarsal and carpal swellings (92) . Symptoms observed in swine include polyarthritis in piglets (81) and pneumonia in suckling piglets (66) ; in one study piglets died from pneumonia and enteritis (93) . In addition, metritis, pneumonia, arthritis and diarrhoea have been observed in aborting sows (94) . In horses, chlamydiosis was suspected to be present in mares producing weak foals with pneumonia, joint swellings and diarrhoea (75) .
Prevention and treatment
Biosecurity
In China, farmers usually disinfect stables with a 2% to 3% weight/volume (w/v) solution of sodium hydroxide, a 0.5% w/v solution of sodium hypochlorite, 2% to 5% Lysol ® or quaternary ammonium surfactants. This approach, together with other basic hygiene measures, such as the use of disinfectant foot baths and the prevention of contact with susceptible animals alien to the group, is feasible and is used in the closed environment of China' s large-scale vertically integrated pig farms. For grazed or herded ruminants under extensive management conditions, these measures are, at best, limited to disinfection of equipment and prevention of contact between different herds or flocks. Similarly, acquisition of new stock from C. abortus-free flocks or herds is also not feasible for small-scale farmers in rural Chinese areas, where access to veterinary services is limited.
Antibiotics and Chinese traditional medicine
In Western countries, chlamydial infections in livestock are principally treated with antibiotics. In China, however, traditional medicines based on plant extracts are often used in conjunction with antibiotics or are used as alternative therapies. The latter is common in rural areas, where access to veterinary services and antibiotic treatment is limited. These traditional medicines are also used prophylactically. Chinese traditional medicines are centuries old and are often, but not exclusively, prescribed to treat observed symptoms rather than as aetiological treatments.
Chlamydiae are sensitive to the broad-spectrum antibiotics: tetracyclines, quinolones and macrolides (95) . In China, the antibiotics of choice for treatment of chlamydial infections in livestock are the tetracyclines, followed by quinolone antibiotics. The Chinese government has set maximum residue limits (MRLs) for tetracyclines and promulgated a government standard (GB/T 21317-2007) establishing a method for its determination in animal tissues. The Chinese MRL for tetracycline in meat is 100 μg/kg (36) . Moreover, prophylactic use of these antibiotics is strongly discouraged, to prevent the emergence of resistant, potentially zoonotic, strains of chlamydiae. These regulations are similar to those in many other areas of the world.
Chinese herbal remedies for chlamydial keratoconjunctivitis in cattle and horses include Xiao Huang San (clearing yellow swelling powder) and Jue Ming San (haliotis powder) (Table VI) . Ingredients are ground into a fine powder or prepared as a decoction followed by drying. Decoction refers to the filtered liquid after three consecutive cycles of boiling in water (97) . The remedies are administered twice daily as top-dressing on feed at a dose of 15 g to 60 g Xiao Huang San for one month, or up to 50 g Jue Ming San for one to two months. Historically, all ingredients of Jue Ming San were ground into a fine powder and mixed with honey to form a paste for topical administration. Yu Benyuan and Yu Benheng, two noted veterinarians in the Ming Dynasty, first described the use of these herbal prescriptions in 1608 in Yuan Heng' s Therapeutic Treatise of Horses. Xiao Huang San was originally developed for the management of lameness in horses, but is currently regarded as the fundamental veterinary formula to treat painful swellings, including mastitis. Jue Ming San was developed to treat chronic ophthalmic inflammation. A Chinese report in 2009 describes successful treatment of contagious kerato-conjunctivitis in cattle with the use of either of these two herbal prescriptions (98) . However, concurrent topical treatment with ofloxacin, a second-generation fluoroquinolone antibiotic, called into question the benefit of the herbal prescriptions.
Chinese herbal prevention and treatment of chlamydiosis in swine includes oral administration of a 1:1 mixture of plantain (Plantago asiatica L., Cheqian) and white eclipta (Eclipta alba, Han Lian Cao) at a dose of 10 g per kg bodyweight for 14 days (99). In Chinese medicine, bactericidal and expectorant properties are ascribed to plantain (100) . A major active compound in white eclipta is wedelolactone, for which an immunomodulating activity has been demonstrated. In Swiss albino mice, oral administration of methanol-extracted wedelolactone from white eclipta significantly increased:
-the phagocytotic index after intravenous injection of carbon ink -the total white blood cell count after cyclophosphamideinduced myelosuppression -the humoral antibody titre after intra-peritoneal injection of sheep red blood cells (101) .
A matter of concern inherent to Chinese traditional medicine is that it largely relies on tradition instead of on 
Conclusion
Virulent chlamydial strains are highly prevalent in Chinese livestock, causing disease, abortion and economic losses, as in the rest of the world. Stringent surveillance is warranted in view of the spread of Chinese isolates through the export of live animals. A general lack of biosecurity measures in extensive management systems in rural China is a matter of concern with respect to the control of chlamydial infections in livestock and the ensuing risk of zoonotic transfer. Another critical concern is the widespread Chinese practice of substituting antibiotic therapy with herbal medicines that lack scientifically sound trials of efficacy/safety and standardised dosing of active compounds. Checks on the possible co-administration of toxic secondary plant metabolites and a general mandatory quality-control policy are also lacking. Notwithstanding the inherent risks of inadequate treatment and even accidental poisoning following herbal treatment, it is indisputable that many herbs contain bioactive substances that can be associated with beneficial effects. Herbal remedies should therefore not be repudiated without investigation.
scientifically sound efficacy and safety trials as required in Western medicine. Although centuries of tradition are no proof of product efficacy and safety, Chinese medicine should not be repudiated without investigation. It is indisputable that many herbs contain bioactive substances that can be associated with beneficial effects, and several of these secondary plant metabolites are synthetically produced for use in conventional medicine. However, herbal medicine lacks standardised dosing and involves a risk of co-administration of toxic plant compounds. Moreover, in contrast to conventional drugs, traditional medicines are not subjected to strict regulations and a mandatory quality control policy. The latter poses an additional safety risk that must not be underestimated. Contamination with heavy metals, adulteration with undeclared synthetic drugs and cases of mistaken plant identity have all been repeatedly associated with severe adverse effects following the use of Chinese herbal remedies (102) .
Vaccination
Currently, commercial vaccines are available only for prevention of C. abortus infection. Moreover, the vaccines available in Europe and the United States are licensed only for use in sheep, immunisation in other ruminants being off-label usage. At present, the preferred strategy for control of epizootic ovine abortion is vaccination and keeping flocks closed, but implementing these measures does not guarantee exclusion of infection and ensuing disease (103) . These vaccines are not available in China; however, the Lanzhou Veterinary Research Institute markets its own formalin-inactivated whole-organism vaccine for use in both sheep and goats.
Public health significance of chlamydiosis in China
Zoonotic transmission of chlamydial species has been described for C. psittaci from poultry and less frequently for C. abortus from small ruminants (104) . Globally, human acquisition of C. psittaci from mammals is yet to be substantiated. Similarly, although zoonotic transfer of C. pecorum or C. suis has never been officially reported, preliminary results indicate that C. suis can be transmitted to humans (Vanrompay et 
Resumen
La bibliografía internacional abunda en descripciones de la aparición y repercusión de infecciones clamidiales en el ganado de Occidente, pero mucho menos se sabe acerca de esas infecciones en el ganado de la República Popular China. En los últimos decenios, la producción ganadera de China y su cuota de mercado a escala mundial han aumentado sustancialmente. Tras examinar las referencias bibliográficas existentes en inglés y chino acerca de la epidemiología de las clamidiasis en el ganado chino, los autores comparan las medidas de seguridad biológica, la profilaxis y el tratamiento de estas infecciones en China con las prácticas corrientes en el mundo occidental. Las infecciones clamidiales son muy prevalentes en el ganado chino y causan importantes pérdidas económicas, al igual que en el resto del planeta. Los datos de vigilancia y resultados del diagnóstico de brotes de abortos en ganado vacuno, ovino y caprino ponen de manifiesto la importancia de estas clamidiasis virulentas que afectan a las principales especies de rumiantes de China en muchas de las provincias, regiones autónomas y municipalidades del país. Los datos de muchas de las divisiones provinciales de China revelan asimismo la extendida presencia de infecciones clamidiales en la cabaña porcina de producción industrial de todo el país. Menos se sabe de las clamidiasis en el yak, el búfalo y el caballo, aunque los informes existentes indican una elevada prevalencia en las poblaciones chinas de esos animales. En esos informes se relacionan las clamidiasis con casos de aborto en yaks y de neumonía en caballos. En los países occidentales las infecciones clamidiales se tratan básicamente con antibióticos, mientras que en China se utiliza a menudo la medicina tradicional, ya sea en asociación con antibióticos o como tratamiento alternativo.
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